An IgM mouse monoclonal antibody (McAb) Bf4 was produced to a surface polysaccharide of Bacteroidesfiagilis NCTC 9343. Immunoblotting showed that McAb Bf4 reacted strongly with a high molecular mass structure which was sensitive to oxidation with periodate but resisted protease treatment. An inhibition enzyme-linked immunosorbent assay (ELISA) indicated that McAb Bf4 did not cross react with the sixteen Bacteroides species and strains tested. Cells of B.
antibody to B. fragilis NCTC 9343 by ELISA (see below). Hybridoma culture supernate was used in all experiments.
The hybridoma cell line Bf4 was cloned using a limiting dilution method and BALB/c macrophages were used to assist the growth of hybridoma clones. Cells were concentrated by centrifugation and 1 ml samples stored at -80 "C in growth medium containing 15 % (v/v) foetal calf serum and 10% (v/v) dimethyl sulphoxide. Hybridoma cells from this stock were used to produce large quantities of hybridoma Bf4 culture supernate.
ELZSA. An indirect ELISA was used to screen for McAb producing hybridoma cell lines. Wells of PVC microtitre plates (Becton and Dickenson) were each coated with bacteria (1 x lo6 cells ml-I) suspended in 50 mMsodium carbonate buffer, pH 9.6. The plates were incubated at 37 "C for 2 h and washed three times with 50 mMsodium phosphate buffer, pH 7.4, containing 150 mM-NaC1 (PBS) and 0.05% (v/v) Tween 20. Plates were stored at -20 "C.
Hybridoma culture supernate (100 pl) was added to each well, and the plates were incubated at 37 "C for 1 h and washed as before [dilutions, if required were made in PBS containing 1% (w/v) bovine serum albumin (BSA-PBS)]. Goat anti-mouse IgM (Mu chain specific) and IgG-alkaline phosphatase conjugates (Tago) diluted 1 in 3000 in 1 % (w/v> BSA-PBS were added to each well (100 pl) and the plates were incubated at 37 "C for 1 h. After washing, 100 pl of p-nitrophenyl phosphate (Sigma) (1 mg ml-I) in 50 mM-sodium carbonate buffer, pH 9.8, containing 1 m~-MgCl, was added toeach well. The plate was incubated at 37 "C for 1 h; the reaction was stopped with 100 p1 3 M-NaOH and absorbance (at 405 nm) was read using a BioRad automatic plate reader.
An inhibition ELISA was used to test for cross reactivity with other bacteroides. Bacteria suspended in 0.5 ml 2% (w/v) BSA in PBS to a concentration of 5.0 x lo* c.f.u. ml-1 were mixed with 0.5 ml of hybridoma culture supernate containing McAb Bf4 and incubated at 4 "C for 18 h. After centrifugation at 5000g, triplicate samples (100 pl) of the supernate were tested on ELISA plates coated with B. fragilis NCTC 9343.
An ELISA was used to determine the immunoglobulin class of McAb Bf4. Sheep anti-mouse IgG2a (Serotec), goat anti-mouse IgG1 (Sigma), IgG2b (Sigma), IgG3 (Sigma) and IgM (Sigma) were diluted in 50 mM-sodium carbonate buffer, pH 9.6, and coated onto PVC microtitre plates as before. Hybridoma culture supernate (50 PI) was added to each well; the plates were incubated for 2 h at 37 "C, and then washed as before. Goat anti-mouse IgG (specific for light and heavy chains) conjugated to horse-radish peroxidase (Sigma) was diluted 1 in 1000 in 1 % (w/v) BSA in PBS and 50 pl was added to each well. The plates were incubated at 37 "C for 1 h and washed as above. Orthophenylene diamine (Sigma) substrate (40 mg) was dissolved in 100 ml of a solution containing 100 mM-citric acid, 200 ~M -N~~H P O , and 0.01 % (w/v) H z 0 2 ; 50 p1 of the solution was added to each well and the plates were incubated for 30 min; the reaction was stopped with I M-H,SO, and the absorbance read at 520 nm.
Enrichment for bacterial iiariants. Capsulate and non-capsulate B. fragilis (defined by light microscopy) were separated by Percoll density gradient centrifugation (Patrick & Reid, 1983) .
Preparation of antigens. Antigens were extracted from bacteria by the aqueous phenol method of Westphal & Luderitz (1954) . The aqueous phase was centrifuged at 10000 g for 30 min at 4 "C to remove insoluble material and the supernate was stored at -20 "C.
Antigens from bacteria were also extracted with a glycine buffer containing EDTA. Bacteria harvested from 500 ml broth were resuspended in 10 ml 3 mM-glycine buffer, pH 5.0, containing 10 mM-EDTA, and were incubated at 37 "C for 30 min. Whole cells were removed by centrifugation at lOOOOg for 30 min at 4 "C and the extract was stored at -20 "C. Extracts were treated with protease or sodium periodate by the method of Cousland & Poxton (1984) . Carbohydrate assay. The anthrone method of Morris (1948) , with D-glucose as a standard, was used. SDS-PAGE. This was done on 10% vertical slab gels using the Laemmli buffer system (Laemmli, 1970 ) at a constant current of 40 mA per gel.
Zmmunoblotting and enzyme immunoassay. The method of Tcfwbin et al. (1979) was used with the following modifications. Material was transferred to a nitrocellulose membrane (Transblot TM transfer medium; BioRad) in 25 mM-Tris/l92 mwglycine buffer, pH 8.3, containing 20% (v/v) methanol at 350 mA for 1.5 h. After washing for 10 min in Tris-buffered saline (TBS; 20 mM-Tris/HCl, 500 mM-NaC1, pH 7.5) the membrane strip containing the protein molecular mass standards was fixed with 1 % (v/v) acetic acid and stained with amido black. The rest of the membrane was placed in 3% (w/v) BSA in TBS (BSA-TBS) for 16 h at 4 "C. It was then transferred into hybridoma culture supernate, or an appropriately diluted mouse derived antiserum, and incubated for 2 h at room temperature. After three washes in 0.025% (v/v) Tween 20 in TBS, the membrane was placed in goat anti-mouse IgM-alkaline phosphatase conjugate (Tago) specific for the Mu chain, then diluted 1 in 3000 in 1 % (w/v) BSA in TBS and incubated for 1 h at room temperature. The membrane was washed three times in Tween 2(rTBS and placed in 50 mM-Tris/HCI buffer, pH 8.2, containing Fast Red (3 mg ml-l) and naphthol-AS-MX-phosphate (0.2 mg ml-I). Colour development took place in 5-15 min, and the reaction was then stopped by washing in distilled water. All the above steps were done with gentle agitation throughout.
Immunogold labelling and electron microscopy. Bacteria were washed twice in 100 mhl-sodium cacodylate/HCl buffer, pH 7.2 (CB), and fixed in CB containing 2% (v/v) paraformaldehyde and 0.1 % (v/v) glutaraldehyde for 1 h at 4 "C. The cells were again washed in CB, dehydrated in graded alcohols and embedded in LR white resin. For gold labelling, ultrathin sections on nickel grids were treated with McAb Bf4 followed by goat anti-mouse IgM-40 nm gold conjugate (Janssen). The grids were washed in 0.1 % (v/v) BSA-TBS, pH 8.2, and rinsed in distilled water. They were then stained with uranyl acetate and lead citrate and examined with a Philips 301 transmission electron microscope. Ruthenium red staining was done as described previously (Patrick et al., 1986) before the bacteria were embedded in LR white resin.
Immunofluorescence microscopy. The method was described by Reid et al. (1985) .
RESULTS

SDS-PAGE and immunoblotting of the phenol-water extract
Reactions with polyclonal mouse antiserum. SDS-PAGE and immunoblotting with homologous anti-B. fragilis NCTC 9343 antiserum detected multiple bands (Fig. 1 c) . A diffuse staining pattern and a series of closely spaced discrete bands (arrowed S) were detected at the top of the blot. A series of regularly spaced discrete bands was observed in the middle of the blot (labelled R+n). At least two heavily stained bands were seen in the lower region of the blot.
Reaction with McAb Bf4. Staining was observed only in the high molecular mass region when McAb Bf4 was used for immunoblotting ( Fig. 1 b) . McAb Bf4 reacted strongly with both the diffuse staining region and the closely spaced discrete bands.
Treatment ojantigen with protease, periodate and heat. The structure recognized by McAb Bf4 resisted protease digestion (result not shown) and the immunoblot was identical to that for the control antigen (Fig. 1 b) . Oxidation of the antigen preparation with sodium periodate destroyed the Bf4 antigenic determinant (Fig. 1 a) . Heating at 100 "C for 3 min did not destroy the structure containing the Bf4 epitope.
SDS-PAGE and immunoblotting of glycine-EDTA extract
Immunoblotting of the glycine-EDTA extract after SDS-PAGE with McAb Bf4 revealed multiple closely spaced discrete bands and at least four extra bands in the high molecular mass region of the blot (Fig. 2 6,d ). Protease treatment did not affect the closely stained bands but the extra bands in the top region of the blot disappeared (Fig. 2c) . Oxidation with sodium periodate removed the closely spaced bands, but multiple faintly immunoreactive bands were detected in the lower region of the blot after treatment (Fig. 2a) . Bacteria recovered from the 0-20%, 20-40% and 4 0 4 0 % interfaces of a Percoll discontinuous density gradient inhibited the ELISA, but cells from the 60430% interface did not. No attempt was made to measure the minimum number of cells required to inhibit the assay.
ELISA
ImmunofIuorescence and immunoelectron microscopy
Immunofluorescence and immunoelectron microscopy of cells taken from the four interfaces of the Percoll gradient gave the same pattern of labelling. The absence of the Bf4 epitope from the 60-80% interface was confirmed. Cells from this interface are apparently non-capsulate by light microscopy, but have an extracellular electron dense layer by electron microscopy (Patrick et al., 1986) . A low proportion of cells from the 0--20% (Fig. 3a) and 40-607; (not illustrated) interfaces were labelled, but cells from the 20-40% interface were enriched for the Bf4 epitope (Fig. 3b) . The surface structures of B.fi.agilis are not easily resolved with the fixation procedures required to preserve the reactivity of the antigens for immunoelectron microscopy : therefore duplicate samples were stained with ruthenium red. The results indicate that the Bf4 epitope is associated with the marginal fibrous network present on cells from the 20-40% interface ( Fig.  3 4 , but not with the extensive fibrous network which is present on cells from the 0-20% interface (Fig. 3c) . Two other monoclonal antibodies (Bfl; Reid et al., 1985 and Bf2 ; not illustrated) give a similar labelling pattern for each of the interfaces and could not be related to a specific surface structure.
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Cells from the 0-20% interface were grown for 24 h in chambers implanted in the mouse peritoneal cavity (Patrick et al., 1984) . These populations were not enriched for the Bf4 epitope (Fig. 4) . Similar labelling patterns were seen with these populations before and after in civo passage (Figs 3a and 4) .
DISCUSSION
Immunoblotting and immunoelectron microscopy showed that McAb Bf4 reacted with an epitope on a high molecular mass surface polysaccharide. This structure was distinct from the extensive fibrous network, present on cells recovered from the 0-20% interface of a Percoll density gradient, and the electron dense layer, present on cells from the 60-80% interface. It was, however, associated with the marginal fibrous network observed on cells from the 20-40% interface. These results indicate that structures which look different by electron microscopy may also be antigenically different. Immunogold labelling of cells grown in the mouse peritoneal cavity gave a heterogeneous labelling pattern which indicates that this epitope was not selected in viuo.
ELISA inhibition studies showed that McAb Bf4 recognized a type-specific surface antigen. Kasper et al. (1983) showed that extracted capsular polysaccharide from B. fragilis NCTC 9343 was chemically and antigenically different from that of B. fragilis ATCC 23745, and typespecific epitopes were identified in the capsular material. This capsular material was detected in the high molecular mass region of a 20% (w/v) acrylamide gel by silver staining (Weintraub et al., 1985) . Weintraub et al. (1985) also extracted LPS from B. fragilis NCTC 9343 by the hot phenolwater method and subsequently extracted the aqueous phase with a phenol-chloroformpetroleum (PCP) mixture : rough LPS only was detected with SDS-PAGE and silver staining. However, B. fragilis NCTC 9343 could also contain smooth LPS with lot.. polysaccharide side chains since the PCP extraction procedure preferentially extracts lipophilic rough LPS while smooth LPS is excluded (Galanos et al., 1969) . Cousland & Poxton (1983) have observed heterogeneity in LPS extracted from a variety of B. fragilis strains by the hot phenol-water method. They separated LPS extracted from B. fragilis GNAB 92 by electrophoresis on a 10% (w/v) acrylamide gel and detected possible smooth LPS (labelled S) in the top of the blot.
McAb Bf4 reacted with B.,frugilis NCTC 9343 antigens in this region of the blot. McAb Bf4 did not react with the typical LPS 'ladder' (Fig. 1 b, labelled R + n) in the middle of the blot, suggesting that either the Bf4 epitope was not part of a repeating 0-side-chain or the concentration of the LPS containing short 0-side-chains was below a detectable level when using McAb Bf4. The epitope could be associated with a repeating capsular polysaccharide unit but the polymer would need to be covalently linked to a lipid to bind SDS, or have a negative charge for electrophoresis to occur.
E. coli LPS formed non-covalently linked multimers during SDS-PAGE when 0.1 % (w/v) SDS was used in 15 :< (w/v) acrylamide separating gels (Peterson & McGroarty, 1985) . The multimers dissociated when 0.5 yi (w/v) SDS was used or when separating gels were overlayed with butanol and left overnight. McAb Bf4 could also be reacting with multimers of B. fragilis NCTC 9343 LPS. The SDS-PAGE conditions were not altered in this study but the hypothesis could be tested by increasing the SDS concentrations in both the sample buffer and the separating gel, or by electro-eluting the high molecular mass material from the top section of the gel, and reanalysing the material by SDS-PAGE and immunoblotting with McAb Bf4. Poxton et al. (1985) detected protein-LPS complexes when outer membrane extracts of Pseudomonas aeruginosa were immunoblotted with McAbs specific for the LPS 0-antigen. This report describes a similar observation using a glycine-EDTA extract of B. fragilis NCTC 9343 and immunoblotting with McAb Bf4. There are a number of possible explanations for this phenomenon. First, protein-LPS complexes released by the glycine-EDTA treatment could resist solubilization with SDS. Second, antigens could be completely solubilized by detergent but co-migrate to the same position in the gel. Third, solubilized high molecular mass peptides could become entangled with long polysaccharide chains containing the Bf4 epitope during electrophoresis. The stability of antigen complexes could be investigated by affinity chromatography. We now hope to purify the polysaccharide containing the Bf4 epitope using affinity chromatography. The structure could then be chemically analysed to determine whether it is a polysaccharide or a lipopolysaccharide.
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